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[57] ABSTRACT 
A method for detecting leakage from a chemical recov 
ery boiler system of the type which includes a recovery 
boiler and associated output steam piping includes the 
steps of measuring ?uid input into the recovery boiler 
system; measuring ?uid output from the recovery boiler 
system; and calculating ?uid leakage loss based on the 
differences between the measured ?uid input and output 
values. 
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RECOVERY BOILER LEAK DETECTION SYSTEM 
AND METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates broadly to the ?eld of leak 

detection for high pressure containment systems. More 
speci?cally, this invention relates to an improved sys 
tem and method for detecting steam leakage from boiler 
tubes and other areas of black liquor recovery boilers 
for the paper industry. 

2. Description of the Prior Art 
The economics of kraft pulping depend heavily on 

the safe, continuous operation of black liquor recovery 
boilers. In addition to their role in the regeneration of 
pulping chemicals, recovery boilers generate a large 
proportion of the steam required for mill wide opera 
tions. Despite the efforts of paper mills, insurance com 
panies, and boiler manufactures, smelt-water expulsions 
caused by boiler tube leaks continue to pose a threat to 
normal boiler operations. 
Methods to detect water leaks in recovery boilers 

have been proposed and tested by researchers for sev 
eral years. Most leak detection schemes monitor the 
total airborne or structural acoustic energy levels 
within the boiler to determine if a leak is present. Many 
limitations of such acoustic leak detection strategies 
have been documented. Those limitations include the 
interference which is presented by high background 
noise levels, the attenuation of acoustic energy which 
takes place within the boiler, and the limited durability 
of acoustic sensors in the harsh environment of the 
boiler. 
The most recent generation of acoustic leak detection 

systems, developed by Westvaco Corporation, utilizes 
spectral analysis techniques to overcome most of the 
inherent limitations of other acoustic leak detection 
schemes. This system is described in the July 1990 edi 
tion of the TAPPI Journal. 
While the Westvaco system appears to be an im 

provement over previous generations of acoustic leak 
detection systems, it is still, to some extent, subject to 
the above identi?ed disadvantages of acoustic leak de 
tection technology. Moreover, all acoustic leak detec 
tion systems are expensive to purchase, deploy and 
maintain. 

It should further be understood that improved detec 
tion accuracy is a characteristic which those involved in 
the design of leak detection systems are constantly striv 
ing to improve. 

It is clear that there has existed a long and un?lled 
need in the industry for an improved leak detection 
system for black liquor recovery boilers which is less 
expensive, more accurate, and less suspectable to inter 
ference from background noise than commercially 
available acoustic leak detection systems are. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to pro 
vide an improved leak detection system for black liquor 
recovery boilers which is less expensive than commer 
cially available acoustic leak detection systems. 

It is further an object of this invention to provide a 
leak detection system for black liquor recovery boilers 
which is more accurate than any system which is com 
mercially available. 
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2 
It is yet further an object of the invention to provide 

an improved leak detection system for black liquor 
recovery boilers which is less susceptible to interfer 
ence from ambient noise levels than the acoustic type of 
leak detection systems heretofore known and used. 

It is yet further an object of this invention to provide 
an improved leak detection system for black liquor 
recovery boilers which is more durable than systems 
presently in use. 
To achieve the above and other objects of the inven 

tion, a method for detection leakage from a chemical 
recovery boiler system of the type which includes a 
recovery boiler and associated output steam piping, 
according to a ?rst aspect of the invention, includes the 
steps of (a) measuring ?uid input into the recovery 
boiler system; (b) measuring ?uid output from the re 
covery boiler system; and (c) calculating ?uid leakage 
loss based on the difference between the measured ?uid 
input and output values. 
According to a second aspect of the invention, an 

apparatus for detecting leakage from a chemical recov 
ery boiler system of the type which includes a recovery 
boiler and associated output steam piping includes 
structure for measuring ?uid input into the recovery 
boiler system; structure for measuring ?uid output from 
the recovery boiler system; and structure for calculat 
ing ?uid leakage loss based on the difference between 
the measured ?uid input and output values. 
These and various other advantages and features of 

novelty which characterize the invention are pointed 
out with particularity in the claims annexed hereto and 
forming a part hereof. However, for a better under 
standing of the invention, its advantages, and the ob 
jects obtained by its use, reference should be made to 
the drawings which form a further part hereof, and to 
the accompanying descriptive matter, in which there is 
illustrated and described a preferred embodiment of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram depicting a leak detec 
tion system according to a preferred embodiment of the 
invention; and 
FIG. 2 is a ?owchart depicting operation of the em 

bodiment of the invention which is illustrated in FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

Referring now to the drawings, wherein like refer 
ence numerals designate corresponding structure 
throughout the views, and referring in particular to 
FIG. 1, a system 10 for detecting leakage from a chemi 
cal recovery boiler system 12 of the type which in 
cludes a recovery boiler drum 14 and associated steam 
output piping 16 is shown. Recovery boiler system 12 
typically includes a feed water line 18 for supplying 
water to the recovery boiler 14 and an outlet line 20 for 
“blow-down” ?ow. Boiler system 12 further includes 
steam output piping 16, which typically leads to a tur 
bine for electricity generation. An in?ow line 22 for 
introducing attemperator ?uid, usually water, into the 
steam piping 16 is also illustrated in FIG. 1. The pur 
pose of the attemperator ?uid is to cool down steam 
which has been heated beyond a predetermined level. 
Primary and secondary superheaters 24, 26 may also be 
positioned in the steam output line 16. 
A system 10 according to the preferred embodiment 

of the invention includes a ?rst monitor 28 that is inter 
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posed within the feed water line 18 for measuring the 
mass ?ow of feed water into the recovery boiler 14 
drum. A second monitor 30 is interposed in the blow 
down output line 20 for measuring the mass ?ow of 
blow-down which may be expelled from the recovery 5 
boiler 14 drum. A third monitor 32 is interposed in the 
attemperator ?uid in?ow line 22 for measuring the mass 
?ow of attemperator ?uid into the steam output piping 
16. A fourth monitor 34 is provided in the out?ow 
portion of steam piping 16 for measuring the mass out- 10 
put from the steam piping 16. The monitors 28, 30, 32, 
34 are all preferably electronic in nature, and all are 
constructed and arranged to report electronically to a 
controller 36, as is schematically depicted in FIG. 1. 
Controller 36 in turn provides control signals to alarm 15 
38 and, optionally, to a warning lamp 40. Controller 36 
further provides a control signal to electronically con 
trol a two-position shutoff valve 42, which is interposed 
in feed water line 18. 
As will become apparent from the description of the 

operation of the preferred embodiment of the invention 
given below, the invention involves conceptualizing a 
control volume encompassing the entire recovery 
boiler system 12, monitoring the mass ?ow in to and out 
of that control volume, and thus determining the mass 
?ow of steam leakage which must necessarily be occur 
ring within the recovery boiler system 12. This is pref 
erably carried out calculating long and short term statis 
tics for the drum balance of mass ?ow, and testing to 
determine if there is a signi?cant difference between 
short term and long term averages, which could be 
attributed to recovery boiler leakage. - 
During operation of the recovery boiler system 12, 

the monitors 28, 30, 32, 34 report continuously to con 
troller 36, which samples such data periodically, prefer 
ably about every 5 seconds. From this data, controller 
36 calculates a drum balance value DB expressed in 
units of mass per unit time. This calculation, depicted as 
?rst step in the ?owchart illustrated in FIG. 2, may be 
expressed as follows: 

_ Equation (1) 

DB= Feed Water Flow+Attemperat0r Flow-(Steam 
Flow+Blow Down Flow) 

45 

According to the preferred embodiment of the inven 
tion, controller 36 uses a comparison of long term sam 
pling and short term sampling in its statistical analysis of 
the data received from the monitors 28, 30, 32, 34. In 
this process, constant N1 refers to the number of sam- 50 
ples included in the short term average, and constant 
N2 refers to the number of samples selected for long 
term averaging. The constant R refers to the ratio of N2 
divided by N1. In the preferred embodiment, controller 
36 conducts short term averaging over a 3 minute win- 55 
dow, and long term averaging over a 30 minute win 
dow. With sampling every 5 seconds, N1 would thus be 
36, N2 would accordingly be 360, and R would be equal 
to 10. As represented below in equation (2) and (3), 
controller 36 then calculates short term and long term 60 
drum balance averages, W1 and W; periodically, for 
each sample taken. TS represents current time in sec 
onds. 

_ 65 
N1 Equation (2) 

4 
-continued 

N2 Equation (3) 
2 DBO) 

i: T:;— N; 
DB2 = N2 

After calc1il_ating_long and short term drum balance 
averages DB1, DB2, controller 36 will calculate the 
standard deviations for 0-1, 0-2 the short term and long 
term samples, respectively: 

Equation (4) 
N1 __ 2 
2 DB — DB 

1.: TS_ N1 ( 1(1) 1) 
0-1 = N1 — 1 

Equation (5) 
N2 _ 2 
2 DB 1 — DB 

1.: TFNZ ( 2O 2) 
0-2 = \ N2 — 1 

At this point, controller 36 will calculate the pooled 
estimated standard deviation S for the entire data set. 

The signi?cant level of the difference between average 
short term drum balance and the average long term 
drum balance can be described as ttest. tie“ is calculated 
as follows in controller 36: 

Equation (6) 

|DB1 — DBZI Equation (7) 

l l 
S N1 + N2 

Finally, for each sampling period, controller 36 calcu 
lates the leakage A from recovery boiler system 12 by 
the following calculation: 

— l 1 “S'MTMW 
Referring to the ?owchart in FIG. 2, controller 36 

then compares the calculated leak ?ow rate A with a 
predetermined maximum limit Amax. If A is not greater 
than Amax, controller 36 takes no action, and waits to 
repeat the above-described calculations with respect to 
the data which is received from the sensors 28, 30, 32, 
34 in the next sampling period. If controller 36 deter 
mines that A is greater than Amax, controller 36 will 
activate alarm 38 and, optionally, warning lamp 40. At 
this point, controller 36 will repeat the above-described 
calculations for the next data set, and for subsequent 
data sets. At the end of such calculations, as is depicted 
in the ?owchart illustrated in FIG. 2, controller 36 will 
determine if the calculated leakage rate A has increased 
with respect to previous measurements. If A has not 
increased, the process is repeated. If A does increase, 
controller 36 then determines if a predetermined mini 
mum time Te has elapsed. If time equal to Te has not 
elapsed, the sampling and calculation process is again 
repeated. If a period of time greater than Te has elapsed, 

Equation (8) 
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controller 36 will activate shutoff valve 42 in feed water 
line 18, to cut off feed water to the recovery boiler 14, 
thereby shutting down the recovery boiler system ‘12 
automatically. Thus, if the leakage rate continues to 
increase over a predetermined period of time without 
human intervention, system 10 act to automatically 
prevent a leak created explosion from taking place in 
the recovery boiler system 12. 

It is to be understood, however, that even though 
numerous characteristics and advantages'of the present 
invention have been set forth in the foregoing descrip 
tion, together with details of the structure and function 
of the invention, the disclosure is illustrative only, and 
changes may be made in detail, especially in matters of 
shape, size and arrangement of parts within the princi 
ples of the invention to the full extent indicated by the 
broad general meaning of the terms in which the ap 
pended claims are expressed. 
What is claimed is: 
1. A method for detecting leakage from a chemical 

recovery boiler system of the type which includes a 
recovery boiler and associated output steam piping, 
comprising steps of: 

(a) periodically measuring ?uid input to a recovery 
boiler system to obtain data; 

(b) periodically measuring ?uid output from a recov 
ery boiler system to obtain data; 

(0) periodically calculating short term average drum 
balances from the data obtained in steps (a) and (b); 

(d) periodically calculating long term average drum 
balances from the data obtained in steps (a) and (b); 

(e) calculating a standard deviation for said short 
term average drum balances; 

(f) calculating a standard deviation for said long term 
average drum balances; 

(g) using said standard deviation of said short term 
average drum balances and said long term average 
drum balances to determine whether a signi?cant 
difference exists between said short term average 
and said long term average; and 

(h) indicating an error condition if a signi?cant differ 
ence is determined to exist. 

2. A method according to claim 1, wherein steps (a) 
and (b) comprise measuring the rate of ?uid mass ?ow 
into and, respectively, out of, the recovery boiler sys 
tem. 

3. A method according to claim 1, wherein said indi 
cating step comprises sounding an alarm. 

4. A method according to claim 1, wherein step (a) 
comprises measuring feed water ?ow into the recovery 
boiler system. 

5. A method according to claim 1, wherein step (a) 
comprises measuring attemperator ?uid ?ow into the 
recovery boiler system. 

6. A method according to claim 1, wherein step (b) 
comprises measuring the ?ow of steam from the recov 
ery boiler system. 

7. A method according to claim 1, wherein step (b) 
comprises measuring the ?ow of blow-down discharges 
from the recovery boiler system. 

8. A method according to claim 1, wherein step (g) 
comprises calculating a statistical ties; value from said 
short term average drum balances and said long term 
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6 
average drum balances and said standard deviation of 
said short term average drum balances and said long 
term average drum balances. 

9. An apparatus for detecting leakage from a chemi 
cal recovery boiler system of the type which includes a 
recovery boiler and associated output steam piping, 
comprising: 
means for periodically measuring ?uid input to a 

recovery boiler system to obtain data; 
means for periodically measuring ?uid output from a 

recovery boiler system to obtain data; 
means for periodically calculating a short term aver 

age drum balances from said data that is obtained 
by said input and output measuring means; 

means for periodically calculating a long term aver 
age drum balances from the data that is obtained by 
said input and output measuring means; 

means for calculating a standard deviation for said 
short term average drum balances; 

means for calculating a standard deviation for said 
long term average drum balances; 

means for using said standard deviation of said short 
term average drum balances and said long term 
average drum balances to determine whether a 
signi?cant difference exists between said short term 
average and said long term average; and 

means for indicating an error condition if a signi?cant 
difference is determined to exist. 

10. An apparatus according to claim 9, wherein said 
?uid input measuring means and said ?uid output mea 
suring means both comprise means for measuring the 
rate of ?uid mass ?ow into and, respectively, out of, the 
recovery boiler system. ' 

11. An apparatus according to claim 9, wherein said 
indicating means comprises an alarm. 

12. An apparatus according to claim 9, wherein said 
?uid input measuring means is constructed and ar 
ranged to measure feed water ?ow into the recovery 
boiler system. 

13. An apparatus according to claim 9, wherein said 
?uid input measuring means is constructed and ar 
ranged to measure attemperator ?uid ?ow into the 
recovery boiler system. 

14. An apparatus according to claim 9, wherein said 
?uid output measuring means is constructed and ar 
ranged to measure the ?ow of steam from the recovery 
boiler system. 

15. An apparatus according to claim 9 wherein said 
?uid output measuring means is constructed and ar 
ranged to measure the ?ow of blow-down discharges 
from the recovery boiler system. 

16. An apparatus according to claim 9, wherein said 
means for using said standard deviation of said short 
term average drum balances and said long term average 
drum balances to determine whether a signi?cant differ 
ence exists between said short term average and said 
long term average comprises means for calculating a 
ties; value from said short term average drum balances 
and said long term average drum balances and said 
standard deviation of said short term average drum 
balances and said long term average drum balances. 

* * * * * 


